An inverse age-related pattern of GH secretion has been identified in immature ducks between 2 and 9 weeks of age, the plasma level of GH falling progressively from 30\p=n-\40 ng/ml at 2 weeks of age to the adult level (< 10 ng/ml) by 9 weeks of age. This decrease in GH secretion was not accompanied by any age-related changes in the concentrations of plasma immunoreactive insulin or glucagon-like immunoreactivity or in plasma glucose or free fatty acid level.
INTRODUCTION
Following the development of radioimmunoassays for avian growth hormone (GH) (Harvey & Scanes, 1977a; Proudman & Wentworth, 1978) , a well-defined pattern in GH secretion has been demonstrated in chickens, turkeys and ducks (Harvey, Scanes, Chadwick & Bolton, 1979; Harvey & Phillips, 1980; Proudman & Wentworth, 1980) . In each species, the plasma concentration of GH in immature birds is much higher than that in adults, in which it is sometimes undetectable, and is maximal between 2 and 6 weeks of age. The factors responsible for this pattern of GH secretion are unknown although similar temporal changes in prolactin and somatomedin secretion (Harvey, Scanes, Falconer, Bolton & Chadwick, 1977;  Harvey, Scanes, Chadwick & Bolton, 1979) suggest their release may affect or be affected by this pattern of GH secretion. The possible influence of other endocrine factors on this pattern of GH has not been assessed. However, pancreatic endocrine function in ducks is partly GH-dependent (Foltzer, Leclercq-Meyer & Mialhe, 1975; Foltzer & Mialhe, 1976) and the administration of insulin and glucagon affects GH secretion in the domestic fowl (Harvey, Scanes, Chadwick & Bolton, 1978) . Therefore, levels of insulin, glucagon, glucose and free fatty acid (FFA) (Hoffman, 1937) . Plasma levels of FFA were determined by the spectrophotocolorimetric method of Laureti & Tibbling ( 1967) . Immunoreactive insulin concentrations in the plasma were determined by the radioimmunoassay described by Foltzer & Mialhe (1976) . In this assay duck insulin cross-reacts with a bovine insulin antiserum to give standard curves parallel with those of the bovine insulin standard over the range of doses used (Laurent & Mialhe, 1976) . The results are expressed as ng beef insulin equiv./ml plasma.The intra-and interassay coefficients of variation for this assay are 7 and 10% respectively. Plasma glucagon-like immunoreactivity was estimated by the radioimmunoassay of LeclercqMeyer, Mialhe & Malaisse ( 1970) using porcine glucagon as the standard and a non-specific antiserum which cross-reacts with avian pancreatic glucagon and gut glucagon under some circumstances. In fasted birds variations in glucagon-like immunoreactivity are mainly of pancreatic origin (Sitbon & Mialhe, 1978) and hence all the experiments were conducted in fasted birds. The results are expressed as ng pig glucagon equiv./ml plasma. The assay has intra-and interassay coefficients of variation of 4 and 10% respectively. Plasma concen¬ trations of GH were determined by an homologous radioimmunoassay for chicken GH (Harvey & Scanes, 1977a) . In this assay duck pituitary extracts and plasmas gave dose-response inhibition curves parallel with the chicken standard and plasmas from hypophysectomized 5-week-old ducklings did not cross-react ( < 3 ng/ml), the level in these birds before hypophysectomy being 22-7 ± 3-0 (s.e.m.) ng/ml (n = 5). The assay has intraand interassay coefficients of variation of 5-1 and 9-6% respectively.
Statistical differences in the results were determined, wherever appropriate, by Student's paired or unpaired i-test.
RESULTS
In preliminary experiments on the physiology of GH in ducks, the basal plasma concentration of GH in 4-to 6-week-old birds (17-7 ± 1-2ng/ml« =53); was found to be ), P<000\), falling from a maximum level of 39-8 ± 4-8 ng/ml at 2 weeks of age to 90 ± 0-7 ng/ml at 8 weeks of age (Fig. 1) . This pattern of GH secretion was subsequently confirmed in a further experiment (Fig. 2) in which a group of birds was bled between 31 and 73 days of age, when the plasma levels of GH fell from 28-7 ± 4-7ng/ml (/; = 6) to 3-5 ± 0-6ng/ml (n = 10) (P<0-001). In this second experiment no significant variation was observed during this period in plasma glucagon or insulin levels, or in FFA or glucose concentrations (Fig. 2) . Consequently plasma insulin, glucagon, glucose and FFA levels were not correlated with age or with plasma concen¬ trations of GH and no significant correlations between these parameters were found.
To determine whether insulin or glucagon had any direct effect on GH secretion the hormones were infused separately at various doses into 4-to 6-week-old birds in which increases and decreases in plasma GH level could be clearly detected. Data from this experiment are shown in Fig. 3 and because of the variability in basal GH level, the GH data are expressed as a percentage of the pretreatment concentration. The infusion of 0-9% NaCl solution into the controls induced an increase (9-9 ± 4-2 ng/ml; = 14: P<005) in plasma concentration of GH within 10 min of infusion and the concentration only returned to the pretreatment level 20 min after infusion. In preliminary experiments it was established that the plasma concentration of GH before saline infusion was not significantly different from the level before the birds were attached to the board. Saline infusion had no effect on plasma insulin or glucagon but did result in small increases (between 0-5 and 0-8 mmol/1 in blood glucose concentration 5min (f<0-002) and 20min (P<005) after infusion.
In birds infused with glucagon (01 and 0-5pg/kg per min) the blood concentrations of glucagon, insulin and glucose were markedly increased (P<00\) within 10 min of the start of infusion and remained high throughout the rest of the experiment. In contrast the plasma GH concentrations in the glucagon-infused birds (01 and 0-5pg/kg per min) were significantly (/><0001) lower than those in the controls during and after infusion, and in the case of the birds infused with the higher dose of glucagon the GH level after infusion was also consistently lower (P<001) than the pretreatment concentration of GH. In the birds infused with insulin ( 10 mu./kg per min) the plasma insulin level was increased ten-to 12-fold (P<000\) during infusion and it remained raised (P<002) after infusion. Insulin infusion in these birds also induced an increase (P< 0005) in plasma glucagon (after 30 min) and this effect was still evident 20 min after infusion, as was the reduction (P< 0002) in blood glucose level which occurred at the end of insulin infusion. In these birds the plasma concentration of GH 5 and 20 min after infusion (unlike the controls) was less (P< 005) than the maximal level observed during infusion and lower (P<005) than the levels in the controls. This fall in GH concentration was not due to the increase in glucagon concentration as a similar fall (P< 005) in GH level was seen in birds infused with 2-5 mu.
insulin/kg per min, in which the plasma insulin level was only maximally increased twofold during infusion and in which plasma glucagon and blood glucose concentrations were unaffected.
DISCUSSION
In this and other avian studies (see Introduction) an inverse age-related pattern of GH secretion has clearly been demonstrated. Although this pattern of GH secretion suggests that it may be causally related to growth rate, studies in turkeys (Harvey, Scanes & Godden, 1979) , domestic fowl and ducks (Harvey & Phillips, 1980) Harvey, Sterling & Phillips, 1981) .
The results of the present study clearly show that in the duck this age-related pattern of GH secretion is not, however, due to or accompanied by maturational changes in insulin or glucagon secretion. Age-related changes in pancreatic function might have been expected in view of the fact that pituitary GH is intimately involved in the control of pancreatic function in ducks (Foltzer et al. 1975; Foltzer & Mialhe, 1976) and because some of the factors influencing the secretion of insulin, glucagon and GH in mammals are similar (Blackard & Andrews, 1974; Sirek, Vranic, Sirek, Vigas & Policova, 1979) . This is the first time that agerelated changes in pancreatic hormone secretion have been determined in birds and the first time that the influence of glucagon on GH secretion has been assessed in this species.
In the present study glucagon infusion was found to suppress GH secretion greatly during and after infusion. These data are, therefore, in good agreement with similar studies in immature chickens (Harvey et al. 1978) and suggest a direct effect of glucagon on GH release. However, they are in marked contrast with mammalian studies in which plasma levels of GH are significantly raised after glucagon administration (e.g. Mitchell, Byrne & Silver, 1969) , probably as a result of the fall in plasma levels of FFA or glucose which follows the glucagoninduced increase in their concentration rather than as a direct effect of the hormone itself.
Although alterations in plasma FFA were not determined after infusion of glucagon in the present study, it is unlikely that alterations in FFA concentrations were responsible for the effects of glucagon on GH secretion, as FFA have very little, if any, effect on GH secretion in the fowl (Harvey & Scanes, 19776) . Similarly, the increase in blood glucose level after infusion of glucagon is unlikely to have induced this fall in plasma GH level, as a lesser fall in GH concentration also followed insulin infusion when the blood glucose level was normal (after 2-5mu./kg per min) or depressed (after 10 mu./kg per min) and in chickens insulininduced inhibition of GH secretion occurs during experimentally induced hyperglycaemia (Harvey et al. 1978) . The finding of an inhibiting effect of insulin on GH secretion in the duck is in agreement with and extends earlier findings (Scanes & Pethes, 1979) . These findings are again quite different from those in mammalian studies, in which insulin is a potent stimulus for GH release in some species, probably by lowering plasma glucose levels (Blackard & 
